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Ql. [a]
IEPP 4s1l31
A PanaRobo robot is connected to a sliding table that has a pneumatic
cylinder and two magnetic sensors through Output 7, Input 9 and Input 1l
respectively. Draw the electrical and pneumatic circuits connecting the
devices.
Sebuah robot PanaRobo disambungknn kepada sebuah meia meluncur yang
mempunyai satu silinder pneumatik dan dua penderia magnet melalui Output 7,
Input 9 dan Input I L Lukis litar-litar eledrtk dan pneumatik yang
meny ambun gkan p eranti-p eranti ters e buL
(25 markslmarkah)
A PanaRobo robot is required to pick a work-piece from a location PWl and
place it to another location PW2. Write a program for the robot do the task
with the speed of 120 mn/s for continuous path and 60oh for point to point.
The pneumatic gripper is connected to Output 1.
Sebuah robot PanaRobo diperlukan bagi mengambil satu bahan-kerja dari satu
lokasi PWI dan meletalmya ke satu lokasi lain PI(2. Tulis satu aturcara bagi
robot melakuknn tugas dengan kelajuan 120 mm/s bagi laluan berterusan dan
60% bagi titik ke titik. Penggenggam pneumatik disambung kepada Output I.
(30 marks/markah\
The flow chart in Figure Ql[cl shows the task of PanaRobo robot to pick a
component from a sliding table and place it on an assembly station. The
Output 1, 3 and 7 of the robot are connected to the gripper' clamping
cylinder and sliding table cylinder respectively. The input 11 and 13 of the
robot are connected to the magnetic sensor at the sliding table pneumatic
cylinder and the optical sensor at the gripper respectively. Write a program
for the robot according to the given flow chart.
Carta alir dalam Rajah SI [cJ menuniukkan tugas robot PanaRobo bagi
mengambil komponen dari sebuah meja meluncur dan meletakkannya di atas
satu stesyen pemasangan. Output 1, 3 dan 7 robot tersebut masing-masing
disambung kepada penggenggam, silinder mengapit dan silinder meia meluncur.
Input II dan 13 robot tersebut masing-masing disambung kepada penderia
magnet pada silinder meia meluncur dan penderia optik pada penggenggam.
Tulis satu aturcara bagi robot tersebut mengikut carta alir yang diberikan.
lbl
lcl
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Set CP and PTP speed
to 80 mm/s and 5096
Wait for 1 second
Wait for 1 second
Extend the
sliding table
toward PanaRobo
Read sensor at
input 11to 120
Read sensor at
input 13 to 130
Figure Qllcl
Rajah Sl[cJ
IEPP 4sl13]
(45 marks/marlcah)
-3-
Move linearly to PW30
Retract the
sliding table
from PanaRobo
Wait for 1 second
Move to 300 mm
above PW40
Wait for 1 second
Close the clamper
Wait for 1 second
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A gantry robot has x, y, z and r axes driven by stepper motors' The motors
are controlled by two motor controllers. Between each motor and controller
there is a motor driver. The drivers are the same for all axes except z axis'
Explain the function of the motor driver and why the driver for the z axis is
different.
Sebuah robot gantri mempunyai paksi x, y' z and r yang dipacu oleh motor
pelangkah. Mitor-motorryo iiko*al oleh dua pengawal motor. Antara setiap
'motoi 
d.an pengawal terdapat satu pemacu motor. Pemacu-pemacunya samo
bagi semua'potut kecuati pipsi z. Terangkanfungsi pemacu motor dan mengapa
pemacu bagi Paksi z berlainan. (30 marks/markah)
A gantry robot has z and r axes driven by stepper motols with 1'8o per step
resolution. The first motor is connected to the z axis through a ball screw
with 4 mm pitch. The second motor is connected to the r axis through a gear
box with 10:1 ratio.
sebuah robot gantri mempunyai pat<si z dan r yang dipacu oleh motor pelangkah
dengan resolisi 1.8" per tingkah. Motor pertama disambung kepada papsi -z
melalui satu slcrew berbola dengan anggul i **' Motor kedua disambung kepada
palrsi r melalui satu kotak gear dengan nisbah 10: l '
(i)Calculatetherequiredunitvaluetoconvertfromsteptommor
degree for each axis.
Kira nilai unit diperlukan bagi menukar dari langkah ke mm atau darjah
untuk setiaP Paksi'
(ii) calculate the operating speed in Hz if the z and r axes are required to
move 0.3 m/s and 180 degree/s respectively'
KiralajuoperasidalamHzjikapalrsizdanrmasing-masingperlu
bergerak 0.3 m/s dan i,80 dadah/s'
(iii) write the commands required to set the unit and operating speed in
the z and r motor controller'
Tuliskan arahan yang perlu bagi menentukan unit dan laju operasi dalam
pengawal motor z dan r' (40 marks/ markah)
lbl
...5t-
lcl
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A gantry robot is required to move the x and y axes simultaneously to a
pot"idooi.l and 1.7 m relative to the home respectively. Then, it moves the y
axis to a distance 2.1 m from the current position. Finally, it moves the x axis
to a distance -1.6 m from the current position. write a program for that task
and determine the final position relative to the home'
Sebuah robot gantri diperlukan bagi menggerakkan pal<si x dan y serentak ke satu
posisi masing-masing z.o dan 1.7 m meruiuk kepada asalan. Kemudian, ia
'menggerakkaln pakst y ke satu jarak 2.1 m dari posisi semosa. Akhirnya, ia
menllgerakknn paksi x ke satuiarak -1.6 m dari posisi semasa. Tulis satu aturcara
untik-tugas teriebut dan tentuknn posisi akhir merujuk kepada asalan.
A gantry robot has a pneumatic gripper with optica' 
"::t:: ':::::
naiie ofine gripper is connected toOutput 3 of the ZR motor controller. The
optical ,.oro, il-connected to Input 2 of the ZR motor controller' Draw the
eiectrical and pneumatic circuits connecting the devices.
sebuah robot gantry mempunyai satu penggenggam pneumatik dengan penderia
optic. Injap soienofd pengg"iggo*nyi dtsambungkan kepada Output 3 pengawal
motor ZR. penderta iptiknya disambungknn kepada Input 2 pengawal motor ZR.
Lukis litar-litar elekirik dan pneumatik yang menyambungkan peranti-peranti
tersebut' (20 marks/ marknh)
The flow chart in Figure Q3lbl shows the task of gantry robot to pick a
componeht from a toa-Oing station and place it on a sliding table' The Output
f ani Input 2 of the XY motor controller is connected to the Input I and
output 4 of the ZR motor controller respectiYely. lh: output 3 of the ZR
motor controller is connected to the solenoid valve of the gripper. The input
2 of the ZR motor controller is connected to the optical sensor at the gripper.
Write a program for the robot according to the given flow chart'
Carta alir dalam Raiah S3tbl menuniukkan tugas robot gantri bagi mengambil
komponen dari satu"stesyei iemunggah dan meletapkannya di atas sebuah meja
melincur. Output I dai Input 2 pingawal motor XY masing-masing disambung-
kepada Input i dan Outpui 4 peigawat motor ZR. Output 3 pengawa! motor Z_R
diambung kepada injip sotinoid p"ngg"nggam' Input-2.pengawal motor -ZR.
disambuig lcepada penierta optik pad.i penggenggam. Tulis satu aturcara bagi
robot tersebut mengilatt carta alir yang diberiknn'
Q3. [a]
lbl
,,,6/-
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Set X position 656 mm
Set Y position 448 mm
Enable parallel processing
Move X axis
Set Z position 300 mm
Send ON signalto
ZR controller
Wait for 1 second
Wait for 1 second
Set Z distance -300 mm
ZR signal = ON
Set X distance 750 mm
Set Y distance 850 mm
Send OFF signalto
XY controller
Continue next Page ...
...7 t-
Figure Q3lbl
Rajah S3[b]
IEPP 451/31
(50 marks/markah)
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tcl The motor controllers that are used in gantry robot provide jerk limit
control. The user needs to write command RAMP1 1 0r RAMP1 0 to either
enable or disable axis I jerk limit control. Explain the difference occurs
when jerk limit control is used by showing the sketches of motor velocity
profile-. Based on Figure Q3[cl, explain what will 
-happen to the stack of
ou3ects when jerk liiit control is used and when jerk limit control is not
used.
Set R position 0o
Disable parallel Processing
XY signal = ON
Send ON signalto
ZR controller
Set Z distance 300 mm
Wait for 1 second
Send OFF signalto
ZR controller
Wait for 1 second
SetZposition0mm
...8/-
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Pengawal-pengawal motor yang digunakan dalam robot gantri membeknlkan
kawalan had sentak. Pengguna perli menulis arahan MMPL I atau MMPI 0
bagi membolehkan atau tiiak kiwalan had sentak paksi I. Terangknn perbezaan
b"Tlaku apabila kawalan had sentak digunakan dengan 
-menunjukkan lakaran
susuk halaju motor. Berdasarkan Rajah s3[cJ, terangkan apa akan teril{
kepada tiidanan objek apabila kawalan had sentak digunakan dan apabila
kawalan had sentak tidak digunakan.
Figure Q3lcl
Rajah 53[c]
(30 marks/markah)
A programmable logic controller (PLC) is used as a master controller to
syncnr:onize PanaRo[o controller and stepper motor corrtrollers' A pick and
ptu". program has been loaded into memory 5 of the PanaRobo controller'
build u t"OO.. diagram as a subroutine for the PLC to execute the program
in the PanaRobo controller. state the required inpuuoutput connections
between the PLC and the PanaRobo controller'
Sebuah pengawal logik bolehaturcara (PLC) diguna sebagai satu pengawal induk
bagr miny;gerak peiga*al PanaRobo dan pengawal-pengawal motor pelangkah'
SalU aturcira ambil"dan letak telah dimiatkan ke dalam memori 5 pengawal
PanaRobo. Bina satu raiah tetangga sebagai satu subrutin bagi PLC
melalrsanakan aturcara dalam pengawal PanaRobo. Nyatakan sambungan
input/output diperlukan antara PLC dan pengawal PanaRobo'
(30 marks/markah)
A programmable logic controller (PLC) is used as a m-aster controller to
,yolnrooire two stepper motor controllers' A program for gantry robot to
pick and place a com-ponent has been loaded into memory 5 of each mot-or
controller. Build a lad-tler diagram as a subroutine for the PLC to execute the
program in both motor controllers. state the required inpuuoutput
connection between the PLC and both motor controllers.
Sebuah pengawal logik bolehaturcara (PLC) diguna sebagai satu pengawal induk
bagi minyJgerakkai dua buah pengawal motor pelangknh. Satu aturcara bagt
robot gantri mengambil dan leiak iebuah komponen telah dimuatkan ke dalam
tbl
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memori 3 setiap pengawal motor. Bina satu rajah tetangga sebagai satu subrutin
bagi PLC meliksanalwn aturcara dalam kedua-dua pengawal motor' Nyatakan
,o*bungo, input/output diperlukan antara PLC dan kedua-dua pengawal motor'
(30 marks/markah)
tcl A programmable logic controller is used as master controller to synchronize
a PanaRobo robot and a gantry robot in assembling four components into a
product. Table Q4tcl shows a list of subroutines to execute the programs for
both robot tasks. Ariange the subroutines in a proper sequence and build a
ladder diagram as the main program to execute the sequences. The
movement of the sliding table is included in the program of PanaRobo robot.
Sebuah pengawal togik bolehaturcara sebagai pengawal induk untuk
*"ry"g"iokkon sebuah robot PanaRobo dan sebuah robot gantri dalam
memasang empat komponen menjadi sebuah produk- Jadual S4[cJ menuniukkan
-satu senarai subrutin-iubrutin bagi melal<sanakan aturcara-aturcara untuk tugas
kedua-dua robot. Susun subrutin-subrutin tersebut dalam satu urutan yang baik
dan bina satu rajah tetangga sebagai aturcara utama bagi melaksanaknn urutan-
urutan tersebui. Pergerikan meja meluncur termasuk dalam aturcara robot
PanaRobo.
Table Q4[c]
Jadual S4[c]
(40 marks/markah)
Subroutine Robot Component From To Duration(Seconds)
Preceding
subroutine
I Gantry A A loading
station
A sliding
table
35 None
2 Gantry B B loading
station
B sliding
table
40 None
3 Ganty C C loading
station
C sliding
table
25 None
4 Gantry D D loading
station
D sliding
table
20 None
5 PanaRobo A A sliding
table
Assembly
station
L2 I
6 PanaRobo B B sliding
table
Assembly
station on A
13 2
5
PanaRobo C C sliding
table
Assembly
station on B
10 3
6
8 PanaRobo D D sliding
table
Assembly
station on C
8 4
7
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Explain, with the hetp of sketches, the serial and parallel kinematic chains
that are used in a robot structure.
Terangkan, dengan bantuan laknran, rantai-rantai kinematik sesiri dan selari
yang digunakan dalam satu struHur robot' (20 marks/markah)
Sketch the configuration of spherical robot manipulator and describe the
movement of itsJoints, axes and links. Sketch also the work envelop that
can be reached bY the maniPulator.
pengolah robot sfera dan huraiknn pergerakan sendi'
' 
Likarkan juga ruang kerja yang boleh dicapai oleh
(30 marks/markah)
tbl
Lakarknn konfigurasi
pal<si dan rangkainYa.
pengolah tersebut.
lcl Refer to the engineering drawing of PanaRobo shown in Figure Q5[c],
calculate the joint coordinate for joint 1, 2 and 3 if the robot is required to
position its tobt center point to point PWI in Cartesian coordinate.
Merujuk kepada lukisan keiuruteraan PanaRobo ditunjukkan dalam Raiah
iSfij, kira koordinat sendi bagi sendi 1, 2 dan 3 iik, robo,t tersebut perlu
mimposisikan titik pusat p",kokot'ya pada titik PWI dalam koordinat
kartesian.
PWI:X=-55.58,Y=+401.22,/:*25!.36,P:-93.83,n:-6'32,F=l
...tv-
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?r
?8, 2,,0,0 , 250 
-r-1?0
Figure Qs[cl
Rajah 55[c] (50 marks/markah)
tal Based on Figure Q6[a], state and describe the ]@' coordinate
systems that exist in PanaRobo'
Berdasarkan Raiah s6[a], nyatakan dan huraikan TIGA sistem koordinat
yang terdaPat Pada PanaRobo'
-l l-
...12/-
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Rajah S6[a]
Figure Q6tal (15 marks/markah)
Given the world coordinates for a four axes robot shown in Figure Q6tbI
as x : 300 mm, y = 0, z : 500 mm, and o : 45o; and given that the links
have values L0:0, Lr = 400 mmr l,r has a range from 200 mm to 350 mm'
and Ll = 25 mm, determine the joint angles Otr0z, Il and 0l'
Diberi koordinat dunia untuk sebuah robot empat paksi yang ditunjukkan di
dalam Rajah S6[bJ sebagai x = 300 mnr, ! = 0, z : 500 mm, dan a = 45o; dan
dibei penyambung yang mempunyai nilai Lo: 0, Lt : 400 mm, 2'j mempunyai
julat claripada 200 mm ke 350 mm, dan La -- 25 mm, tentukan sudut sendi A,
02, Ls, dan &.
...13/-
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(x,y,z)
Figure Q6lbl
Rajah S6[b]
(40 marks/markah)
The links of the robot manipulator in Figure Q6[cl have the following
lengths: Lr = 500 mm, L2 = 400 mm, and L3 = 25 mm. Determine the
values of 0r, 0zr and 0r that position the end-of-arm at the (x' z) world
coordinate values of (650 mm, 250 mm), and cr = 0o.
Sambungan pengolah robot di dalam Raiah Q6kl mempunyai panjang seperti
berikut: Lt : 500 mm, L2: 400 mm, dan Lj: 25 mm. Tentukan nilai &, 02,
dan & yang menetapkan keduduknn hujung lengan (x, z) pada nilai koordinat
dunia (650 mm, 250 mm), dan a = 0o.
...r41-
